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Abstract 
Color stable and efficient two wavelength white organic 

light emitting diodes (OLEDs) were fabricated using a  

iridium(III)[bis(4,6-difluorophenyl)-pyridinato-N,C2’]  

picolinate (FIrpic) as a blue phosphorescent emitter and 

a bis(1-phenylisoquinolinato-C2,N)iridium (acetylacetonate) 

((piq)2Ir(acac)) as a red phosphorescent emitter. The 

emitting layers consist of two blue emitting layers and 

one red emitting layer which is between the two blue 

layers. The device reaches the peak efficiencies of 

7.84 % and 10.3 cd/A at 0.6 mA/cm2. Furthermore, there 

was little change of EL spectra according to current 

density change in the device . 
 

 

1. Introduction 

 

Recently, there has been increasing interest in white 

OLEDs for their potential use in full color display and 

solid state lighting sources.[1-3] Many researchers have 

studied white OLEDs to improve the efficiency[4] and 

the color stability[5]. Various structures of white 

OLEDs have been used to improve the performance of 

the device such as doping several dopant into one or 

more emitting layer,[5] insertion the interlayer into the 

emitting layer[6,7]. However, these methods are 

complex to fabricate the device and difficult to 

achieve maximum efficiency of the device. In the case 

of multiple emissive layer, the efficiency of the device 

is high, but the color stability is not good.[8] One of the 

methods to improve the efficiency and the color 

stability at the same time is to form a charge 

confinement in the desired emissive region.[9,10] 

 In this paper, we demonstrate the white OLEDs with 

charge confinement structure. The structure of this 

device is very simple because we use a single-host 

and a two wavelength system which has one red 

emission layer between two blue emission layers. But 

the device is very color stable and efficient. 

 

2. Experimental  
 

The white OLEDs device structure and energy levels 

of the materials used in this study are shown in Fig. 1. 

The device structure is as follows: indium-tin-oxide 

(ITO) as an anode/MoO3 (10 nm) as a hole injection 

layer (HIL)/4,4’,4”-tri(N-carbazolyl) triphenylamine 

(TCTA, 50 nm) as a hole transport layer (HTL)/ 1,3-

bis(9-carbazolyl)benzene (mCP):FIrpic (8 %, 4 nm) as a 

blue emitting layer/mCP:(piq)2Ir(acac) (3 %, x nm) as 

a red emitting layer/mCP:FIrpic (8 %, 5.5 nm) as a 

blue emitting layer/2,2’,2”(1,3,5-benzenetriyl) tris-(1-

phenyl-1H-benzimidazole (TPBi, 40 nm) as an 

electron transport layer/LiF(0.5 nm)/Al (100 nm) as a 

cathode. To optimize the efficiency and color stability, 

we change the thickness of the red emitting layer. The 

energy levels of MoO3 and TCTA are obtained from 

the ultraviolet photoelectron spectroscopy and the UV-

Visible spectroscopy. The energy levels of other 

materials are obtained from the literatures.[8,11-13]  

 

 

 
 

Fig. 1. The white OLED structures used in this 

experiment and energy level diagram. 
 

 

All the layers in these devices were prepared by 

thermal evaporation onto the ITO substrates. The 

substrates were ultrasonically cleaned by dipping 

them into various solvents. Organic and metal 

evaporation were conducted under a base pressure of 

5×10-6 Torr without breaking the vacuum, and the 
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evaporation rates were 0.5-1.5 Å/s for the organic 
materials and 2-4 Å/s for the metal. The doping 
concentration was adjusted by varying the relative 
evaporation rates of the host and dopant materials, and 
the evaporation rates were monitored with a quartz-
oscillator thickness monitor. The current-voltage (I-V) 
characteristics were measured by a Keithley-236 
source measurement unit, and the luminance and 
electroluminescence spectra were obtained using a 
calibrated Si photodiode (Hamamatsu S5227-
1010BQ) and CS 1000 spectrophotometer. 

 

 

3. Results and discussion 

 
For more color stability and high efficiency, we 

change the thickness of red emitting layer as 3, 5, 7 
nm. Figure 2 shows the external quantum efficiency 
and the current efficiency of these devices. The 
external quantum efficiency is 7.84 % and the current 
efficiency is 10.4 cd/A at 0.6 mA/cm2 in the x=7 nm 
device. The device with thick red emitting layer has  
more high efficiency because the recombination 
region is expanded and this increases the probability 
of exciton formation. 

 
 

 

 

Fig. 2. External quantum efficiency and current 

efficiency graphs of the devices (x is a red emitting layer 

thickness). 

 
 

 

 
Fig. 3 (a) EL spectra and (b) CIE color coordinates of x 

= 7 nm device according to current density. 

 
 
In our device structure, holes and electrons are 

trapped in the red emitting layer. Because the doping 
ratio of the red emitting layer is low relative to blue 
doping ratio, the change of red emission is small 
according to current density change. The barrier from 
(piq)2Ir(acac) to FIrpic is 0.5 eV for holes and 0.1 eV 
for electrons. For holes, this barrier is very high. This 
limit the hole injection from red emitting layer to blue 
emitting layer and make little change of blue peaks 
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according to the current density change. Consequently, 
the increase of red and blue emission is limited and 
the amount of color change is very small according to 
current density change. In other words, our device 
structure improves the color stability according to 
current density change. Figure 3 shows the EL spectra 
and Commission Internationale de l’Éclairage (CIE) 
color coordinates of the x=7 nm device. All EL 
spectra were normalized to compare the relative 
change of blue and red emission peaks. There was 
little change of EL spectra and CIE color coordinates 
in the device according to the current density increase.  

 
 

4. Summary 

 
We fabricated the simple white OLEDs which 

consist of one red emitting layer that is between two 
blue layers. As red emitting layer thickness increases, 
the efficiency of the device increases. Furthermore, 
there was little change of EL spectra and CIE color 
coordinates according to the current density change in 
the device. 
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